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San  Francisco,  California, 
May  26,  1906. 

The  Committee  on  the  Reconstruction  of  San  Francisco. 
Gentlemen : 

Your  Sub-Committee  on  Water  Supply  and  Fire 
Protection  beg  leave  to  submit  the  following  report : 

The  work  assigned  to  this  sub-committee  was  two-fold : 
In  the  matter  of  the  present  water  supply  and  fire  protection 
system  we  were  asked  to  make  recommendations  suggested 
by  the  recent  catastrophe,  and  in  the  matter  of  future  supply 
we  were  asked  to  report  which  of  all  available  sources  and 
systems  is  in  our  opinion  the  most  feasible  and  advisable.  As 
to  the  latter  we  desire  to  express  our  unwillingness  to  handle 
this  subject  otherwise  than  in  the  manner  in  which  an  engi- 
neering project  of  this  magnitude  should  be  handled,  viz.,  by 
making  such  an  investigation  as  will  enable  at  least  a  com- 
parative estimate  to  be  made  of  the  merits  and  costs  of  the 
various  available  systems.  This  would  involve  months  of  field 
and  office  work  done  under  the  direction  of  able  hydraulic 
engineers,  assisted  by  competent  legal  advice  in  matters  relat- 
ing to  water  rights,  titles,  etc.  It  must  be  remembered  that  the 
tenders  which  the  Supervisors  have  recently  received  are  in 


most  cases  totally  deficient  in  the  kind  of  information  on  which 
a  selection  should  be  based,  and  that  the  various  elements 
affecting  the  cost  and  desirability  of  each  of  perhaps  a  dozen 
projects  will  have  to  be  worked  out  in  detail.  The  General 
Committee  could  have  this  investigation  made  if  sufficient 
time  and  money  were  available.  We  advise,  however,  that 
the  matter  be  dealt  with  through  a  commission  of  engineers, 
as  has  been  done  by  Boston,  New  York  and  other  large  cities 
throughout  the  world  that  have  solved  the  water  supply 
problem  satisfactorily. 

We  think  it  due  to  the  General  Committee  to  explain  why 
in  our  report  and  recommendations  as  to  the  existing  system 
of  water  supply  and  fire  protection  we  have  not  gone  more 
into  detail ;  why,  for  example,  we  have  not  specified  the  num- 
ber, capacity,  and  exact  location  of  the  city  distributing 
reservoirs  which  we  would  advise,  nor  presented  a  map  show- 
ing the  sizes  and  locations  of  the  distributing  pipes  with  the 
gates,  hydrants,  etc.,  which  we  think  necessary  for  adequate 
fire  protection.  This  again  is  a  problem  the  details  of  which 
can  be  worked  out  only  by  long  and  painstaking  study.  We 
have  tried  to  avoid  suggesting  anything  that  would  hamper 
the  engineers  to  whom  this  work  should  be  entrusted,  and 
have  aimed  to  present  nothing  more  than  the  general  prin- 
ciples on  which  any  satisfactory  plan  must  be  founded. 

PRESENT  SYSTEM 

This  report  is  based  upon  a  personal  inspection  of  the 
existing  water  system,  on  statements  made  to  us  by  com- 
petent observers,  on  interviews  with  various  persons,  includ- 
ing officials  of  the  Spring  Valley  Water  Company,  and  on 
the  Report  of  the  National  Board  of  Fire  Underwriters  on  the 
water  supply  and  fire-fighting  facilities  of  San  Francisco.  The 
Underwriters'  Report,  two  copies  of  which  are  herewith,  i.-> 
dated  October,  1905,  and  is  the  result  of  careful  examination 
and  study  on  the  part  of  competent  engineers.  Under  the 
heads  of  "City  in  General,"  "Fire-Fighting  Facilities,"  and 
"Structural  Conditions  and  Hazards,"  it  discusses  the  whole 
subject  of  fire  risk  in  San  Francisco.  Under  "Fire-Fighting 
Facilities"  it  deals  with  the  water  supply,  and  the  organiza- 
tion, equipment  and  operation  of  the  Fire  Department,  the 
Fire  Alarm  System,  and  the  various  Fire  Department  Auxil- 
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iaries.  It  describes  the  water  system  in  detail  and  is  accom- 
panied by  maps  showing  the  locations  of  the  Spring  V alley 
reservoirs  and  conduits  and  layout  of  the  distributing  sys- 
tem ;  and  specifies  the  deficiencies  in  the  various  parts  of  the 
system  which  should  be  supplied  to  furnish  adequate  fire  pro- 
tection. 

In  view  of  the  full  account  of  the  Spring  Valley  System 
contained  in  the  Underwriters'  Report,  an  outline  description 
will  suffice  for  our  purposes  herein.  The  sources  of  the  present 
systems  are  certain  drainage  areas  on  this  peninsula  and 
in  Alameda  County.  The  water  obtained  from  the  peninsular 
sources  is  stored  in  three  reservoirs  in  San  Mateo  County, 
namely,  Pilarcitos,  San  Andreas  and  Crystal  Springs.  The 
water  from  Alameda  County  is  obtained  from  sub-surface  col- 
lecting works.  The  water  from  the  storage  reservoirs  and 
from  Alameda  County  was  conducted  into  Lake  Honda, 
College  Hill  and  University  Mound  distributing  reservoirs  by 
three  conduits.  The  Pilarcitos  conduit,  which  delivered  water 
into  Lake  Honda  by  gravity,  was  wrecked  by  the  earthquake, 
and  Pilarcitos  water  is  now  brought  to  the  city  through  the 
San  Andreas  conduit  and  raised  into  Lake  Honda  by  the  Lake 
Merced  pumps.  In  addition  to  the  distributing  reservoirs 
mentioned  there  are  three  smaller  ones,  namely,  Francisco 
Street,  Lombard  Street  and  Potrero  reservoirs,  and  three 
tanks,  namely,  Clay  Street,  Pacific  Heights  and  Clarendon 
Heights  tanks.    These  tanks  are  supplied  from  pumps. 

The  distributing  mains  leading  from  the  city  reservoirs 
and  tanks  to  the  various  sections  of  the  city  are  in  general  of 
ample  size,  but  many  laterals  and  cross-connecting  pipes  are 
too  small  to  furnish  adequate  fire  protection.  We  make  this 
statement  as  to  the  insufficient  size  of  laterals  and  cross- 
connections  on  the  authority  of  the  Underwriters'  Report, 
having  no  direct  means  of  informing  ourselves  on  this  point. 

The  demand  for  water  at  the  time  when  the  "earthquake- 
fire"  occurred  had  reached  a  point  where  it  was  practically 
equal  to  the  developed  supply.  This  fact  was  recognized  by 
the  Spring  Valley  Water  Company,  which  was  on  the  point  of 
closing  a  contract  for  the  construction  of  the  Calaveras  dam 
to  form  a  large  storage  reservoir  on  Alameda  Creek. 

The  present  consumption  is  less  than  that  immediately 
prior  to  the  fire,  and  the  delivery  capacity  of  the  system  is 
likewise  somewhat  reduced  by  the  destruction  of  the  Pilarcitos 
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conduit.  Consumption,  however,  will  rapidly  increase,  and  in 
a  short  time  the  demand  will  exceed  the  immediately  available 
supply.  The  fire  therefore  has  not  done  away  with  the 
necessity  for  taking  immediate  steps  toward  securing  an 
increased  supply. 

DAMAGE  DONE  BY  THE  EARTHQUAKE 
OF  APRIL  18th,  1906 

The  Pilarcitos  and  the  main  Crystal  Springs  dams  were 
not  injured.  The  geological  fault  line  which  traverses  the 
Coast  Range  from  Salinas  to  Mendocino  County  extends 
across  the  easterly  abutment  of  the  San  Andreas  dam.  At  the 
time  of  our  inspection  the  water  stood  about  tweny  feet 
below  the  crest  of  the  dam  and  there  were  no  evidences  of 
leakage.  However,  without  raising  the  water  level  or  exca- 
vating on  the  fault  line,  it  is  impossible  to  determine  whether 
or  not  the  upper  part  of  the  dam  is  injured.  Should  injury  be 
discovered  it  can  easily  be  remedied.  Mr.  Schussler,  Chief 
Engineer  of  the  Water  Company,  informed  the  Committee 
that  he  intends  to  excavate  and  make  an  examination. 

The  Pilarcitos  conduit,  which  for  a  considerable  portion 
of  its  length  is  frequently  crossed  by  the  fault  line,  was  over 
such  portion  broken,  telescoped,  collapsed,  pulled  apart,  and 
damaged  beyond  the  possibility  of  economical  repair.  We  are 
informed  that  the  Water  Company  intends  to  abandon  this  line 
for  service,  a  course  which  is  advisable  on  account  of  its  near- 
ness to  the  fault. 

The  most  serious  injury  to  the  San  Andreas  conduit  was 
where  it  crosses  the  head  of  the  Baden  marsh.  At  this  point 
there  was  a  slip  joint  provided  with  ties  connecting  lugs  on 
either  side  of  the  joint.  Several  of  these  lugs  were  torn  out 
by  the  shock,  permitting  the  water  to  escape.  These  breaks 
were  temporarily  repaired  by  the  company  within  sixty  hours. 

Several  stretches  of  the  Crystal  Springs  conduit  were 
injured.  At  the  Baden  marsh  crossing  the  pipe  was  ruptured 
in  many  places,  and  long  sections  were  thrown  from  the 
trestle.  A  great  length  of  the  trestle  was  broken  down.  Exam- 
ination disclosed  that  some  of  the  timbers  were  decayed.  To 
what  extent  this  affected  the  amount  of  damage  done  it  is 
impossible  to  state. 
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No  injury  was  done  to  any  of  the  pumping  stations. 

The  Alameda  supply  works  were  not  injured. 

The  Alameda  conduit  and  submarine  pipes  crossing  the 
Bay  suffered  no  injury  except  to  attachments  at  the  San 
Mateo  end,  and  to  a  slip  joint  at  the  Alameda  end. 

The  distributing  reservoirs  were  not  injured,  except  Lake 
Honda,  the  concrete  lining  of  which  was  cracked.  This  break 
was  due  to  the  displacement  of  a  retaining  wall  by  a  sliding 
bank  set  in  motion  by  the  earthquake. 

The  distributing  mains  were  injured  in  many  places. 
Those  from  College  Hill  and  University  Mound  reservoirs 
were  completely  severed,  and  those  from  Lake  Honda  badly 
damaged.  We  believe  from  the  best  evidence  obtainable  that 
all  serious  breaks  occurred  in  made  ground.  These  breaks 
rapidly  wasted  the  water  stored  in  the  City  reservoirs  and 
cut  off  entirely  the  direct  supply  to  the  districts  where  the 
main  fires  originated. 

The  presence  of  many  broken  service  pipes  leading  to 
burned  houses  made  it  very  difficult  to  rehabilitate  the  pipe 
system  after  the  fire  had  ceased,  and  allowed  much  waste 
of  water  with  resulting  low  pressures  and  delay  in  filling 
reservoirs. 

The  design  of  the  various  parts  of  the  Spring  Valley 
Water  Company's  system  and  the  materials  used  are  generally 
excellent.  The  dams  and  reservoir  walls  are  good  examples 
of  their  types.  The  iron  used  in  the  out-of-town  conduits  is 
of  the  best  quality  of  laminated  charcoal  iron,  so  thoroughly 
protected  by  the  asphaltum  coating  employed  that  even  the 
oldest  of  the  pipes  showed  very  little  evidence  of  corrosion. 
The  trestles  across  the  marshes  are  not  equal  in  permanence  to 
other  portions  of  the  system,  and  in  general  timber 
work  is  old  and  not  in  the  best  condition.  The  materials  used 
in  the  distributing  mains  are  of  good  quality  and  the  breaks 
in  the  mains  were  due  to  a  great  and  unforeseeable  settlement 
of  the  ground. 


CONCLUSIONS  AND  RECOMMENDATIONS 

First — The  protection  against  fires  afforded  by  the  sys- 
tem of  the  Spring  Valley  Water  Company  was  inadequate, 
even  as  it  existed  before  the  "earthquake-fire,"  and  for  the 
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less  severe  requirements  then  considered  sufficient.  The  sys- 
tem is  in  a  less  efficient  state  now  than  before  the  fire,  and, 
as  shown  by  the  earthquake,  the  emergency  requirements  arc 
much  more  severe  than  hitherto  realized. 

Second — In  order  to  secure  certainty  of  fire  protection  it 
is  imperative  that  the  City  own  or  control  its  own  water 
supply.  Definite  and  stringent  legal  agreements  would  better 
the  present  conditions  of  dual  control,  but  if  the  strained 
relations  continue  which  have  existed  between  the  City  and 
the  Spring  Valley  Water  Company  for  many  years,  no  effec- 
tive relief  can  be  obtained  except  by  city  ownership. 

Third — The  three  conduits  leading  from  the  storage 
reservoirs  were  ruptured  by  the  shock.  The  destruction  of 
the  Pilarcitos  conduit  was  due  to  its  nearness  to  the  fault 
line  and  shows  that  future  conduits  should  be  placed  as  far 
away  from  faults  as  possible.  The  most  serious  injury  to  the 
Crystal  Springs  and  San  Andreas  conduits  occurred  at  marsh 
crossings.  The  lesson  of  the  earthquake  is  that  marsh  cross- 
ings should  be  avoided  when  possible.  When  soft  ground 
must  be  crossed  permanent  material  and  substantial  construc- 
tion should  be  used.  If  timber  is  used  it  should  be  protected 
from  decay. 

Fourth — The  failure  to  control  the  fire  was  not  due  to  the 
breaking  of  the  out-of-town  conduits,  but  primarily  to  the 
fact  that  the  eighty  million  gallons  of  water  stored  in  the  dis- 
distributing  reservoirs  within  the  city,  a  quantity  sufficent  Lo 
check  even  such  a  conflagration,  was  rendered  un- 
available by  reason  of  breaks  in  important  dis- 
tributing mains.  The  failures  in  the  pipes  of  the 
distributing  system  occurred  only  in  filled  or  soft 
ground  and  were  not  due  in  any  case  to  the  use  of  poor  ma- 
terial. To  meet  earthquake  conditions,  the  main  arteries  of 
the  distributing  system  should  be  so  laid  as  to  avoid  as  far 
as  possible  all  places  where  slips  and  ground  movements 
resulted  from  the  earthquake,  should  have  frequent  cross- 
connections,  and  should  be  furnished  with  a  great  number  of 
gates  and  large  hydrants  properly  disposed.  All  service  pipes 
should  be  fitted  with  some  device,  such  as  a  balanced  valve, 
which  will  close  automatically  should  the  service  pipe  be 
broken. 

We  recommend  that  park  locations  shall  not  stand  in  the 
way  of  laying  supply  mains  on  lines  which  will  give  the  best 
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service.  This  is  forced  on  our  attention  by  the  devious  line 
of  the  main  supply  pipe  to  the  Richmond  District,  which 
should  have  crossed  Golden  Gate  Park. 

Where  soft  or  made  ground  must  be  crossed,  special  pre- 
cautions should  be  taken  to  protect  the  pipe  from  injury  by 
settlement  of  the  ground ;  for  example,  by  the  use  of  flexible 
joints,  slip  joints,  unyielding  supports,  and  sinuous  alignment. 
It  is  entirely  practicable,  in  our  opinion,  to  provide  a  system  of 
mains,  which  as  a  system,  will  not  be  seriously  injured  by 
such  an  earthquake  as  occurred  on  April  18th,  1906,  or  even 
one  of  greater  severity.  The  character  of  the  injury  to  the 
only  one  of  the  distributing  reservoirs  damaged  by  the  earth- 
quake shows  that  a  sufficient  quantity  of  water  for  success- 
fully fighting  fires  can  be  safely  stored  within  the  city  limits. 
To  add  to  the  quantity  of  water  stored  within  the  city  limits, 
the  number  of  the  distributing  reservoirs  should  be  increased. 

Fifth — To  afford  additional  fire  protection  within  the  con- 
gested value  district,  we  recommend  that  a  separate  system 
of  mains  be  installed,  to  be  supplied  with  water  pumped  from 
the  Bay.  We  advise  the  installation  of  two  pumping  stations 
on  solid  ground,  one  at  the  base  of  Telegraph  Hill,  and  the 
other  at  the  base  of  Rincon  Hill,  each  to  be  capable  of  deliv- 
ering at  least  7500  gallons  per  minute  with  a  hydrant  pressure 
of  200  pounds  per  square  inch.  The  foundations  of  the  suction 
lines  should  receive  special  care  in  design  and  construction. 
The  main  artery  connecting  the  two  stations  should  be 
swung  to  the  westward  sufficiently  to  avoid  insecure  ground. 

The  system  should  be  fitted  at  several  points  on  the  water 
front  with  connections  into  which  fire  boats  or  other  float- 
ing pumps  could  discharge.  At  least  one  such  boat  should 
be  provided  simultaneously  with  the  installation  of  the  sep- 
arate system  recommended.  It  should  be  fitted  with  pumps 
of  the  same  capacity  as  one  of  the  land  stations  and  with 
modern  equipment  for  fighting  fires  along  the  dock  front.  We 
have  communicated  this  recommendation  to  the  Sub-Com- 
mittee on  Special  Session  of  the  Legislature,  to  the  end  that 
the  initiative  may  be  taken  to  have  such  boat  or  boats 
provided  by  the  proper  State  authorities. 

To  avoid  marine  growths  and  corrosion  the  system  should 
normally  be  kept  filled  with  fresh  water  under  pressure,  sup- 
plied from  the  regular  service  through  connections  provided 
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with  check  valves,  to  prevent  salt  water  from  backing  into 
the  fresh  water  system. 

Sixth — We  do  not  recommend  the  carrying  out  of  the 
Twin  Peaks  reservoir  project  for  the  fire  protection  of  the 
congested  district,  believing  the  above  outlined  system  to  be 
preferable.  This  reservoir  scheme  involves  long  mains, 
injury  to  which  would  render  the  system  useless.  The  pres- 
sure which  would  result  in  the  low  district  would  also  be 
greater  than  desirable. 

Seventh — We  endorse  the  action  already  taken  by  the  city 
authorities  for  the  acquisition  of  a  municipal  water  supply, 
and  recommend  that  the  construction  of  the  special  fire- 
protection  system  and  the  acquisition  of  a  municipal  system 
be  carried  out  as  quickly  as  possible. 

Respectfully  submitted, 

(Signed)  C.  H.  McKINSTRY, 

Major,  Corps  of  Engineers,  U.  S.  Member  Am.  Soc.  Civil 
Engineers. 

(Signed)  THOS.  P.  WOODWARD, 

City  Engineer  of  San  Francisco. 

(Signed)  J.  DALZELL,  BROWN, 

V.  P.  &  Mgr.  Cal.  S.  D.  &  Tr.  Co. 

(Signed)  V.  G.  BOGUE, 

Member  Am.  Soc.  Civil  Engineers. 

(Signed)  CHARLES  D.  MARX, 

Member  Am.  Soc.  Civil  Engineers. 

(Signed)  A.  M.  HUNT, 

Member  Am.  Soc.   Civil  Engineers. 

(Signed)  EDWIN  DURYEA,  JR., 

Member  Am.  Soc.  Civil  Engineers. 

(Signed)  MARSDEN  MANSON, 

Member  Am.  Soc.  Civil  Engineers. 
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